Objectives: To investigate the association between added sugar and macronutrient and micronutrient intakes, and to assess whether added sugar intake is related to biochemical indices of nutritional status, Mini-Nutritional Assessment (MNA) score, body mass index (BMI) and performance on physical function tests. Design: A cross-sectional, analytical study. Setting and subjects: Convenient sample of 285 institutionalised and community-dwelling black South African men and women aged 60 þ y. Methods: An interviewer-administered 24-h dietary recall and MNA were performed. Serum albumin, vitamin B 12 , ferritin, cholesterol, haemoglobin, red blood cell (RBC) folate and plasma vitamin C were measured. Handgrip strength, BMI, 'sit-tostand' and 'get-up-and-go' tests were measured. Outcome variables were analysed according to tertiles of added sugar, in grams and as a percentage of total energy (% E). Results: In each tertile of sugar intake, mean MNA score fell in the 'at-risk' classification. In women, energy, protein, % E protein, fibre, thiamin, riboflavin, niacin, vitamin B6, folate, pantothenic acid, biotin, vitamin C, calcium, iron, magnesium, phosphorus, zinc, copper and selenium intake were significantly lowest in subjects in the highest % E sugar tertile. In men, no differences were found for micronutrient intake according to tertiles of total added sugar or % E added sugar. Physical function declined with increasing sugar intake, and suboptimal RBC folate and plasma ascorbic acid status was associated with increasing sugar intake (in women). No relationship was found between added sugar intake and the very high prevalence (65%) of obesity in women. Conclusion: A nutrient-diluting effect of added sugars intake was demonstrated in elderly black South African women. Further studies in this population are required in order to develop food-based dietary guidelines, which include messages on added sugar intake.
Introduction
It has previously been shown, in older South Africans of mixed ancestry, that dietary intake of added sugar is associated with micronutrient dilution, however nutrient intake across all sugar intakes was generally poor (Charlton et al, 1998) . The role of added sugar in the diet quality of older adults is inconclusive. The UK Department of Health's 1992 report, The Nutrition of Elderly People, states that 'a reduction in sugar intakes is especially important, given the probability of higher than average consumption by elderly people.' However, data from the 1994/5 UK National Diet and Nutrition Survey of people aged 65 y and over (Gibson, 2001) found that a diet moderately high in nonmilk extrinsic sugars (up to about 15% energy) did not have a detrimental impact on micronutrient intake or status in this age group. In impoverished communities in developing countries, the way in which added sugar is incorporated into the diet is likely to differ from the dietary practices of similar age groups in countries in the developed world. For example, it has been shown that white table sugar and carbonated cold drinks are the major contributors to added sugar intake in South African children (Steyn et al, 2003) , while in other countries, the consumption of sweetened fortified products, such as breakfast cereals and beverages, tends to offset the negative impact of sugars on micronutrient dilution (Alexy et al, 2002) .
To date, no studies have been conducted in the elderly black South African population to investigate the role of sugar intake on adequacy of dietary intake. This group is at high risk of having a poor micronutrient status due to inadequate household food security (Charlton & Rose, 2001) , deficient dietary intakes (Johnson & van der Westhuizen, 1992; Bester et al, 1993; ) and lack of financial provision for old age (Ferreira et al, 1992) . Sugar is a cheap commodity, which is consumed in relatively large amounts in black children in the country (Labadarios et al, 2000) . Since most elderly South Africans live in multigenerational households (Ferreira et al, 1992) , their diet is likely to reflect the types of foods eaten by younger members of the family.
The worldwide trend for countries to develop food-based dietary guidelines, appropriate to addressing their specific public health issues in various age groups, necessitates evidence regarding the impact of sugar intake on the nutritional status and well-being of older people in developing countries, who are often the most marginalised sector of the population. A cross-sectional analytical study was undertaken to investigate the association between added sugar and macronutrient and micronutrient intakes, and to assess whether added sugar intake is related to biochemical indices of nutritional status, Mini-Nutritional Assessment (MNA) score, body mass index (BMI), and performance on physical function tests.
Methods
Sampling and subjects A cross-sectional, analytical study was undertaken. The sampling frame included black South African men and women aged 60 y and older, who were either free-living in the community or frail/institutionalised. Community-dwelling subjects were recruited from church groups, luncheon clubs and community health centre facilities, while frail subjects were recruited from state-subsidised homes for the aged, day-care centres for the elderly, or from lists of applicants applying for entry into category 3 homes (ie residents requiring maximum care).
Data collection
Characteristics of participants All study subjects were interviewed by trained fieldworkers and questionnaires were administered in the subjects' home language (Xhosa), or English, if preferred. Sociodemographic information was obtained using a pretested questionnaire. Self-reported health status was assessed using a five-scale item. As a measure of functional dependence, ability to perform Activities of Daily Living was assessed using both the six-item Katz ADL questionnaire (Katz & Stroud, 1989) (possible score ¼ 0-6) and the 10-item Barthel ADL index (Mahoney & Barthel, 1965 ) (possible score ¼ 0-20). The Instrumental Activities of Daily Living (IADL) assessment scale (Lawton & Brody 1969) , which measures ability to care for oneself and to perform the more sophisticated tasks of every day life, was administered (possible score ¼ 0-16). In all three indices, a higher score indicates better functioning. Cognitive function was assessed using a modified and locally validated (Broderick, 2002) version of the six-item Cognitive Impairment test (6CIT) (Brooke & Bullock, 1999) .
Dietary assessment
A 24-h recall dietary assessment method was used, which required the subject (or the person responsible for food preparation in the household or institution) to report all food and drink items consumed during the past 24 h period. Standard household measuring utensils, rulers and validated food photographs of typical South African foods (Venter et al, 2000) were used to quantify food portion sizes. The recorded quantities of food consumed were converted to gram weights using the Medical Research Council Food Quantities Manual (Langenhoven et al, 1991a) . Average daily nutrient intake was calculated using the Foodfinder III computerised dietary assessment programme, which is based on the 1991 MRC Food Composition tables, as well as later supplements to the original Tables (Langenhoven et al, 1991b; Kruger et al, 1998) . Nutrient intakes were compared with the US Dietary Reference Intake (DRI) values for adults aged 51-70 and 70 þ y (Institute of Medicine, 1998 Medicine, , 2000 Medicine, , 2002 .
In the South African context, the term 'added sugar' is used in the Food Composition Tables (Langenhoven et al, 1991b) to refer to sugar added to food and does not include sugars naturally present in food, such as lactose in milk and fructose in whole fruit or fruit juice.
The contribution of food groups and individual food items to total added sugar intake was assessed by the classification of foods and beverages consumed into food categories according to the GEMS/Food (Global Evaluation Monitoring System/ Food Contamination Monitoring and Assessment Programme) commodities of the World Health Organization (1997). The GEMS/Food categories include the following main groups: cereals; sugars and honey; nuts and oilseeds; vegetable oils and fats; stimulants; spices; pulses; roots and tubers; vegetables; fish and seafood; eggs; fruit; milk and milk products; meat and offal; and animal oils and fats.
In order to assess the validity of the dietary assessment method, reported energy intakes were compared with estimated minimal energy requirements. Resting metabolic rate (RMR), estimated using the sex-and age-specific equations of Schofield et al (1985) , was multiplied by a physical activity level factor of 1.1, which is considered to be the minimal feasible level of activity to sustain daily living for free-living men and women (Goldberg et al, 1991) .
BMI and MNA
Weight and height were measured using standard measurements and BMI calculated as weight (kg) divided by height (m 2 ). As a composite indicator of nutritional status, the 18-item MNA screening tool (Guigoz et al, 1996) was administered.
Physical function tests
Lower body muscle strength was measured using the 'sit-tostand' test, in which subjects were instructed to rise from a seated position in a chair and sit down again, five times, as fast as possible, and the time taken was recorded in seconds, as described by Guralnik et al (1995) . The 'get-up-and-go' test, a measure of balance in older people, was performed (Mathias et al, 1986) . The time taken (in seconds) to stand up from a chair, walk a short distance, turn around, return and sit down again is measured. An electronic grip strength dynamometer (TKK 5101, GripD), with 100 kg force maximum, was used to measure handgrip strength. After a demonstration, each subject squeezed the dynamometer to maximum force with the arm held across the body and an average of two trials was calculated.
Biochemical indices
All blood parameters were analysed according to standard protocol, in the Chemical Pathology and Haeamtology laboratories at Groote Schuur Hospital, Cape Town. Fasting blood samples were drawn using the vacutainer method and samples were separated by standard centrifugation on the same day. The following analyses were performed: haemoglobin (Hb) (Coulter S Plus II analyser, Hialeah, FL, USA); serum albumin (Hitachi 747 autoanalyser); red blood cell (RBC) folate and serum vitamin B 12 levels (Becton Dickenson Simultrac-SNB, New York, USA); serum ferritin (immunoturbidimetric methods, Roche Modular autoanalyser); total serum cholesterol (enzymatic colorimetric assay with cholesterol esterase and cholesterol oxidase to determine the cholesterol enzymatically and 4-aminophenozone and phenol to react with the hydrogen peroxide formed during the enzymatic reaction); and plasma vitamin C (2,6-dichlorophenolindophenol titration method).
Statistical analyses
Data analyses were carried out using SAS software. Daily nutrient intakes are reported as means and standard deviations (s.d.). w 2 tests were used to evaluate differences between men and women with regard to the percentage of subjects with intakes below 67% DRI values. Using sex-specific tertiles of the distribution, subjects were classified into three groups according to added sugars intake, either as total intake per day or as % E. Macro-and micronutrient intakes, as well as BMI, MNA score, grip strength and time to complete the physical function tests, were compared between tertiles of sugar intake, for men and women separately, using the Kruskal-Wallis nonparametric tests. Differences in biochemical indices of nutritional status were assessed, according to the first and third tertiles of added sugars intake (% E) using the Wilcoxon two-sample test for continuous variables and the w 2 test for percentage of subjects with values below the reference values for each indicator. The association between added sugars intake (% E) and nutrient intakes and BMI were investigated using Pearson's correlation coefficients. The amount of variance in micronutrient intakes explained by either added sugar or energy intakes was assessed using univariate regression modelling.
Results

Subject characteristics
The sample included 232 women (81.4%) and 53 men (18.6%). In all, 27% of men and 12% of women (15% of total sample) were institutionalised. The sociodemographic characteristics of the subjects are shown in Table 1 . The level of education was low; over a quarter of men and over a tenth of women had received no formal schooling, while only 8% of men and less than 1% of women had completed secondary schooling (matriculation). The most common past occupation for the men was in unskilled types of work, namely as a labourer (50%), driver/messenger (15.4%), cleaner/gardener (7.7%), followed by skilled artisan work (7.6%). For women, the most common occupation was that of a domestic worker (69%), followed by occupations in nursing (11.1%), and as a labourer (3.5%). Regarding socioeconomic status, 95% of subjects currently receive a state old-age pension. In all, 23% of men and 7% of women lived in a household where at least one other person received an old age pension, while 9.2% of subjects lived in a household where at least one other person received a state disability grant. Most subjects (72% of men and 60% of women) lived in households where no other household member was bringing in a salary. Mean housing density, a measure of overcrowding (calculated as the number of people in household divided by the number of rooms in household, excluding bathroom and kitchen), was 2.65, with a range from 0.5 to 15. Women were more likely to rate their health as poor or very poor (42% of subjects) than men (22.6%; P ¼ 0.064). Regarding functional status, most subjects were able to perform the 10 activities on the Barthel Activities of Daily Living (ADL) index independently, which resulted in a high overall mean score of 18.1 (1.9) (range ¼ 8-20) . Similarly, using the six-item Katz ADL index, 91.2% of subjects had scores indicating independence in all six functions (ie 5-6); 5.3% had scores indicative of some functional impairment (ie 3-4); while 3.5% had scores indicative of severe functional impairment (ie p2). Mean scores on the Lawton IADL index were high (12.1 (4.6)), suggesting a high of level of functioning in tasks associated with caring for oneself and in performing the more sophisticated tasks of everyday life. Of the sample, 44% were classified as having normal cognitive function (ie 6CIT ¼ 0-9), 38% had impaired cognitive function (ie 6CIT ¼ 10-19) and 17.7% had scores indicative of severe impairment (ie 6CIT Z20).
Dietary intake
Mean energy and macronutrient intakes are shown for men and women in Tables 2 and 3 . Energy intake was low for both men and women; 81% of men and 60% of women (P ¼ 0.053) had energy intakes below the DRI values; 25 and 19%, respectively, had intakes below two-thirds of the DRI.
Protein intake was low; 12% of men and 19% of women had protein intakes below two-thirds of the DRI values (17.6% of total sample). Fat intake, expressed in either grams per day (mean ¼ 31.9 (18.8) g/day) or as a percentage of total energy (20.1 (9.1)% E), was also low, particularly for saturated fat intake. The percentage of energy provided by sugar fell just below the recommendation of an upper intake of 10% (Sheiham, 2001) . Dietary fibre intake was low (only about two-thirds of the DRI value of 30 and 21 g/day for men and women, respectively). Mean alcohol intake during the previous 24 h was o1 g/day (0.66 (3.06) g/day and 0.002 g/(0.02) day for men and women, respectively); therefore, its contribution to percentage energy intake was not calculated. In the sociodemographic questionnaire, subjects were asked about alcohol consumption during the past week, and 32% of men (15/47) and 5.3% of women (9/170) responded affirmatively. Median alcohol intakes in consumers were 6.7 (IQR ¼ 26.6) g/day in men and 6.4 (29.1) g/day in women. The mean intake of most micronutrients was low in both men and women in the present study (Tables 2 and 3 ). Over half of the sample had inadequate intakes (ie o67% DRI) for the following nutrients: riboflavin, vitamins A, B 6 , C, D, E, K, folate, biotin, calcium, copper and selenium.
Validity of dietary intake
Using relative validation methods (Schofield et al, 1985) , no difference was found between mean minimal estimated daily energy expenditure and mean reported energy intake (6220 (762) and 6417 (1990) kJ, respectively) for men. In women, there was evidence of under-reporting of dietary intake (6339 (809) vs 5621 (1928) kJ, respectively (paired t-test; Po0.0001)). For the whole group, reported dietary intake was, on average 2.5 (31.2)% higher than estimated minimal expenditure requirements in men and 9.7 (33.6)% lower in women. In all, 49% of men and 65.4% of women had reported energy intakes below estimated minimal requirements. In these under-reporters (N ¼ 157), reported intake was, on average, 19.8 (19.9)% lower than estimated requirements in men and 29.2 (19.1)% lower in women. Dietary intake according to added sugar intake For men, no differences were found between tertiles of sugar intake for energy and percentage energy contributed by the various macronutrients, including fat ( Table 2 ). The only difference across tertiles for micronutrients was a higher intake of pantothenic acid in the middle tertile, compared to the lowest and highest tertiles.
For women, those in the highest tertile of added sugar intake had significantly higher intakes of energy, but similar contributions of carbohydrate and fat to total energy intake ( Table 3 ). The percentage of energy from protein was lowest in the highest sugar consumers. Folate and magnesium intake were significantly higher in those with the highest tertile of added sugar intake, while for thiamin, vitamin B6, iron, zinc and copper, intakes were highest for subjects whose sugar intakes fell in the middle tertile.
Sugar intake was also expressed as tertiles of percentage energy contribution. Table 4 shows that, for women, energy intake was significantly lowest in those subjects with the highest % E added sugar intake (18.3% E). The percentage of energy from protein was lowest in the highest % E sugar tertile, while % E from carbohydrates was highest in this tertile. Fibre intake was, on average, 5 g lower in the highest % E sugar tertile, compared to either of the other two tertiles. Significant, inverse correlations were found between % E intake from added sugars and % E fat (r ¼ À0.16; Po0.05), % E protein (r ¼ À0.34; Po0.0001) and fibre intake (r ¼ À0.24; Po0.0001). Intake of the following nutrients was significantly lower in subjects in the highest % E sugar tertile: thiamin, riboflavin, niacin, vitamin B6, folate, pantothenic acid, biotin, vitamin C, vitamin D (P ¼ 0.078), calcium, iron, magnesium, phosphorus, zinc, copper and selenium. Micronutrient intake was similar for most nutrients between subjects in the first and second % E sugar tertiles. The percentage of subjects with intakes o67% RDA was significantly highest in those with the highest tertile of % E sugar intake for protein, calcium, magnesium, vitamin C, thiamin, riboflavin, vitamin D and zinc (Figure 1) . A trend was seen for a lower contribution of energy from fat as sugar intake as a proportion of energy increased; however, the difference did not reach significance across the tertiles of % E sugar intake. For men, no differences were found for nutrient intake across tertiles of sugar intake as a percentage of total energy intake (data not shown). Similar to women, there was a trend for inverse correlations between % E added sugars and % E fat (r ¼ À0.21), % E protein (r ¼ À0.22) and fibre intake (r ¼ À0.22); however, these associations did not reach significance.
Micronutrient intake, expressed per 4.18 MJ, demonstrated a similar trend in women, across tertiles of % E added sugar intake as for when the micronutrients were expressed in absolute amounts (data not shown). Fibre, thiamin, riboflavin, vitamin B6, folate, vitamin C, calcium, iron, magnesium, zinc and selenium per 4.18 MJ were lowest in the highest tertile of % E sugar intake (Po0.05). Vitamin C per 4.18 MJ for subjects in the highest tertile of % E added sugar intake was half the intake of those in the lowest tertile (18.7 (17.0) vs 38.5 (45.8), Po0.05). For men, micronutrient intake did not significantly differ according to tertiles of % E added sugar intake, expressed either as absolute amounts or per 4.18 MJ (data not shown).
The percentage of variance in micronutrient intake explained by either intake of added sugars (g/day) or energy intake (kJ/day) is shown in Table 5 . For example, in men, 64% of the variation between subjects in thiamin intake is explained by differences in energy intake, while added sugar intake accounts for less than 1% of the variation in thiamin intake.
Added sugar intake and biochemical indicators of nutritional status
The measured biochemical indicators of nutritional status confirmed the low reported micronutrient intakes. For example, plasma ascorbic acid was suboptimal (o0.6 mg/dl) in 66.2% of subjects, and in significantly more men (84%) than women (62%). In all, 9% of subjects had a serum albumin concentration of o35 g/l, while a quarter (24.5%) had Hb concentrations indicative of anaemia (Hb o13 g/dl and 12 g/dl for men and women, respectively). In total, 29% of the cases with anaemia had haemopoietic nutrient-related causes, while most anaemic subjects had the normocytic type, which is indicative of anaemia of chronic disease deficiencies (Charlton et al, 2003) . Mean values of biochemical indices, and the percentage of subjects with suboptimal concentrations of the indices, are compared across tertiles of added sugar intake (% E) in Table 6 . In men, mean serum cholesterol was lowest in subjects with the highest sugar intake. In women, subjects in the lowest tertile of sugar intake had the highest RBC folate levels, compared to those with sugar intakes in the lowest tertile. The proportion of subjects with suboptimal plasma ascorbic acid and RBC folate concentrations was highest in those with sugar intakes in the highest % E sugar tertile. A significantly higher proportion of the low sugar consumers were anaemic (38% vs 16% in tertiles 1 and 3, respectively); however, serum ferritin concentrations, a more sensitive indicator of iron stores, did not differ across tertiles of sugar intake. Conversely to men, the percentage of subjects with raised cholesterol levels increased with added % E sugar intake.
Added sugar intake and MNA score The average MNA score for both men and women fell in the 'at-risk of malnutrition' category (ie 17-23.9). In all, 5% of subjects were classified as being malnourished (ie MNA score o17); half the sample (50.4%) fell into the 'at-risk' category, while 44% were classified as well nourished (MNA Z24). No differences in mean MNA score were found across tertiles of added sugar intake (as g/day or % E), for men or women.
In each tertile of sugar intake, mean MNA score fell in the 'at-risk' classification. . No association between BMI and added sugar intake (% E) was found for men or women (r ¼ À0.16 and 0.02, respectively; NS). No differences in mean BMI were found across the tertiles of added sugar intake (g/day or % E). Percentage energy from added sugar tended to be higher in subjects who were underweight (BMI o18.5 kg/m 2 ) (12.9 (6.5)% E), as compared with those in the desirable BMI (9.7 (7.7)% E), overweight (9.3 (7.7)% E) and obese (9.7 (7.6)% E) categories; however, this did not reach significance. Similarly, underweight subjects (N ¼ 15) had a higher (but non-significant) added sugar intake, expressed per 4.18 MJ (mean ¼ 32.2 (16.2) g/4.18 MJ), compared to subjects with a BMI in any of the other three BMI categories (range from 23.2 (19.3)-24.3 (19. 3) g/ 4.18 MJ).
Association between physical function and added sugar intake In both men and women, time taken to complete the 'getup-and-go' test was significantly (Po0.05). lower (ie indicating better physical function) in subjects in the lowest tertile of % E from added sugar (men: 46.4 (11.2); 61.7 (21.8); and 60.2 (13.5) seconds for tertiles 1, 2 and 3, respectively; women: 51.5 (55.5), 80.7 (63.3) and 67.7 (73.2) seconds, respectively). A similar trend was found for the time taken to complete the 'sit-to-stand' test, but the difference was not significant. Grip strength was highest (Po0.05) in women who had sugar intakes in the upper two tertiles of percentage energy from added sugar (4.37 (0.58); 5.21 (0.61); and 5.59 (0.77) kg for tertiles 1, 2 and 3, respectively), but did not differ according to sugar intake in men.
Discussion
The findings of the present study demonstrate that older black South Africans have a largely inadequate dietary intake and a suboptimal nutritional status. The inadequate reported intake of most micronutrients is supported by biochemical indicators of an overall poor nutritional status, and by the Wilcoxon two-sample test for differences between tertiles 1 and 3 of sugar (% E) intake. b w 2 test for differences between tertiles 1 and 3 of sugar (% E) intake. results of the MNA screening tool. In women, this poor diet quality is partly explained by a nutrient-diluting effect of added sugar intake; however, it is important to note that low energy intakes appear to be more predictive of micronutrient inadequacy. The assumption that high intakes of sugar are detrimental to the intake of micronutrients is inconclusive. In British adults, the UK COMA report on sugars concluded that no significant trends in micronutrient intakes with extrinsic sugar intake (expressed as sugar (g)/4.18 MJ) were found in men, whereas a small decline in zinc and iron intake was found with increasing sugar consumption in women (Department of Health and Social Security, 1989) . A study of over 11 000 Scottish adults demonstrated a lower nutrient density in both the highest and lowest quintiles of sugar intake as a percentage of total energy (Bolton-Smith & Woodward, 1995) . Similarly, dietary data from 2800 Australian adults showed a significant inverse trend across deciles of sugar intake, but the decrease was not consistent across deciles (Baghurst et al, 1992) . On the other hand, evidence of micronutrient dilution in diets high in added sugar have been reported for adults by Bowman (1999) and Gibson (1997) . In the elderly, Charlton et al (1998) have demonstrated an inverse relationship between the intake of most micronutrients and consumption of sugars in mixed ancestry South Africans, while Gibson (2001) found little evidence that poorer nutrient status was associated with higher levels of dietary nonmilk extrinsic sugars in British elderly.
The two main approaches that have been used to ascertain whether there is an association between sugar intake and the intake of other macro-or micronutrients include categorisation of sugar intake according to (i) absolute intakes (g/day) and (ii) % E provided by sugar. Using the first approach, women in the present study with the highest sugar consumption had a significantly higher energy intake, folate and magnesium intake than their counterparts with lower sugar intakes. However, the trend in micronutrient intake was not consistent across tertiles of sugar intake. Those with intakes in the middle tertile had higher intakes for thiamin, vitamin B6, iron and copper, which makes interpretation of the impact of absolute sugar intake on food choice difficult. In men, the lack of an increase in energy or micronutrient intake with an increasing intake of absolute sugar intake suggests that sugar-containing foods were being consumed at the expense of, rather than in addition to, other types of more nutritious foods.
Using the second approach, nutrient intake differences can be investigated according to a higher or lower proportion of sugars in the diet. Our data demonstrate a nutrientdiluting effect of increasing sugar intake in women. This finding is particularly important in light of the overall inadequate intake of most micronutrients and evidence of a poor nutritional status (indicated by an average 'at-risk' score on the MNA screening tool) across all tertiles of sugar intake.
In British elderly, the relationship between level of added sugar in the diet and micronutrient intake and status is not linear, but bell-shaped with nutrient intakes optimal at average levels of sugar intake, of between 8 and 15% of energy (Gibson, 2001) . In that population, mean intakes of nonmilk extrinsic sugars were higher (13-14% E) than found in the present study (9.3-9.9% E) and energy intakes were also higher, particularly in men. We found a similar intake for most micronutrients between subjects in the first and second tertiles of % E sugar. These two lower tertiles characterised subjects with % E intakes from sugar which fell below the widely recommended upper limit of 10% E from sugars (Sheiham, 2001) . Thus, this recommendation appears to be appropriate to use in elderly South Africans from poor communities, in terms of the prevention of micronutrient dilution.
It has been argued that low energy intakes are a better indicator of micronutrient adequacy than dietary sugars concentration (Department of Health and Social Security, 1989) . Similar to findings reported in British elderly (Gibson, 2001) , energy intake explained between 20 and 64% of the variance in intake of folate, calcium, vitamin B6, zinc, iron and thiamin, while intake from added sugar (in absolute amounts) explained, at most, 2%. Energy intake explained much less of the variance in the intake of vitamins A, B 12 , C and D, but the positive association remained significant (in women). In the present sample, % E sugar intake did not differ across tertiles of energy intake, which indicates that those with the lowest energy intake were similarly substituting sugar for more nutrient-dense foods as were their counterparts with higher energy intakes. Thus, it could be argued that, regardless of energy intake, the proportion of energy provided by added sugars is an important determinant of micronutrient dilution.
The low reported energy intakes (25 and 19% of men and women, respectively, o67% DRI) questions the validity of the 24-h recall method. Using a relative validation factorial approach (FAO/WHO/UNU, 1985), under-reporting of food intake, more so in women than in men, is suggested in the present study. However, prediction equations have previously been shown to overestimate metabolic rate in older South African mixed ancestry adults by 7-14% (Charlton & Lambert, 1999) . This potential error in calculating energy expenditure could have resulted in a greater discrepancy between reported energy intake and estimated minimal requirements. The reported energy intakes are similarly low compared to those reported in another study of urbandwelling black elderly in which a 24-h recall method was utilised. In that study, the low reported energy intakes were confirmed in a subsequent verification study on 50 adults (albeit younger than 60 y) from the same population, which involved in-depth probing on snacking and nibbling habits. Only a 7.4% increase in energy intake over that recorded in the original study was identified (Bourne, 1996) . Further, the consistency between ratios of protein, fat and carbohydrate to total energy reported in the present study and that of the other published studies of older urban black South Africans (Bester et al, 1993; suggests that any under-reporter error is likely to be consistent across the food groups.
Attempts were made to minimise reporter error associated with short-term memory recall problems. In the case of cognitively impaired subjects, next-of-kin, other household members or primary care-givers were interviewed about their dietary intake. The locally validated (Broderick, 2002) version of the 6CIT (Brooke & Bullock, 1999) used in the present study demonstrated that 36% of subjects were able to memorise at least three of the five items in a memory phrase, whereas 30% were unable to recall any of the items (reported in Charlton et al, 2003) .
Even when the gold standard of dietary assessments is used, under-reporting of habitual intake has been shown to be common in older adults. Data from the UK National Diet and Nutrition Survey of people aged 65 y and over (Gibson, 2001) , in which a 4-day weighed dietary record was utilised, indicated that 19% of men and 28% of women had estimates of dietary energy that were considered implausible using the criterion of Goldberg et al (1991) (o 1.1 times basal metabolic rate). Weighed intake methods are not feasible in elderly populations with poor literacy rates.
The public health significance of nutrient dilution depends on the level of that nutrient in the average diet, as well as the prevalence of deficiency states in that community (Gibson, 2001 ). Similar to the dietary intake data, a suboptimal RBC folate and plasma ascorbic acid status was associated with increasing intakes of added sugars in women, and a similar, but not significant, trend was seen in men. Surprisingly, in women, the highest prevalence of anaemia was found in subjects with the lowest % E provided by added sugars, despite a higher reported dietary iron and folate intake in subjects in this tertile of sugar intake. This is probably a spurious result, which reflects the finding that the underlying causes of anaemia in our sample are mostly nonnutritional and related to underlying chronic disease (Charlton et al, 2003) . Serum ferritin concentration, a more sensitive indicator of body iron stores, did not differ between tertiles of sugar intake.
Regarding macronutrient profiles, an inverse association between sugar intake (% E) and % E from protein, as well as fibre intake, was found, while the contribution of energy from carbohydrate was highest in the high sugar consumers. A similar, inverse relationship between added sugar and protein intake has been reported in South African children (Steyn et al, 2003) . Better performance on the two physical function tests, which are a measure of lower body strength, by men and women with the lowest sugar intakes (% E) suggest that such displacement of protein-rich foods by sugar in the diets of older people from communities in which protein intake is generally low due to financial constraints, has important implications for independent functioning in this age group.
In men, a different pattern was evident. Neither micronutrient intake, energy intake nor macronutrient profiles differed across tertiles of % E sugar intake; however, our data should be interpreted with caution since the sample size of men was small and not representative of the national gender distribution in the South African population aged 60 þ y.
Undoubtedly, an evidence-based approach is required to determine the role of sugar in the diets of various age groups and populations consuming disparate dietary patterns. The way in which sugar is incorporated in the diet appears to be key, in terms of the nutritional relevance of a high consumption. A UK study has demonstrated that added sucrose intake serves as a vehicle for dietary fat by making high-fat foods more palatable (Emmett & Heaton, 1995) . Conversely, the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) Study found that, although a nutrient-diluting effect of sugar consumption was found in 2 to 18-y-old subjects, the nutritional significance of the dilution effect was unimportant, except for a lower consumption of fruit amongst higher sugar consumers (Alexy et al, 2003) . Across a broad range of added sugars, the micronutrient intakes of the young people exceeded recommended levels, and inadequate intakes tended to occur at both extremes of the sugar consumption spectrum. The same authors, in an earlier examination of the DONALD database, concluded that the use of sweetened fortified foods, such as breakfast cereals and beverages, tended to offset the negative impact of sugars on micronutrient dilution (Alexy et al, 2002) .
In our study, 97% of added sugar intake was provided by the food group 'sugars and honey' and white sugar and cold drinks were the individual food items, which contributed the majority of total added sugars (82 and 10.8%, respectively, data not shown). Cereals and other beverages provided negligible amounts of sugar, presumably due to the inaffordability and unfamiliarity of such foodstuffs in an elderly population in which maize meal is the staple food.
Summary
Our data have demonstrated that in elderly South African women, but not men, who have little financial means, the nutrient-diluting effect of a high sugar consumption places them at high risk for inadequate micronutrient, protein and fibre intakes. Both men and women with the highest proportion of sugar intake had poorer performance on tests of lower body strength and physical function, while in women only, sugar intake was associated with a lower status of RBC folate and plasma ascorbic acid. No association between sugar and fat intake was found, and the high prevalence of obesity found in the women cannot be explained by a high sugar intake. Owing to the small number of men included in this study, more data are required on the role of added sugars in the diet quality of this group, particularly from developing countries where the consumption of sweetened fortified foods by the elderly is negligible. Further studies in this target population, in which the validity of low reported energy intakes are investigated further, are required in order to develop foodbased dietary guidelines, which include messages on added sugar intake.
